Heparin and other acid mucopolysaccharides were extracted from various tissues by a modification of the method previously described (Bassiouni, 1953) . The dye mucopolysaccharides complex obtained was resolved into its components with formamide: the acid mucopolysaccharides were precipitated with methyl alcohol in the presence of electrolyte (sodium chloride). A solution of the purified polysaccharide precipitate was bio-assayed for active heparin, and the remainder was either submitted to electrophoresis on paper or reprecipitated with the dye and measured colorimetrically.
Methods
Reagents.-The following are required:-(1) Sodium citrate, 3.8 g./100 ml. (2) Sodium chloride, 0.9 g. /100 ml. (3) Sodium hydroxide, 0.2 N (Analar). (4) Ammonium sulphate (specific grade) dried, 6.5 g.
(5) Dye solution, asymmetric dimethyl thionin or Azure A (Revector, Hopkin & Williams, Ltd.), 100 mg. dissolved in 100 ml. distilled water.
(6) Hydrochloric acid, 0.O1N. Extraction. Blood, 4 ml., is drawn, mixed with 1 ml. 3.8% sodium citrate, and centrifuged at 2,000 r.p.m. for 10 minutes: the plasma is then pipetted off, the cells washed with 2 ml. saline, and the wash added to the plasma. The plasma is made up to 7 ml. with distilled water in a conical pyrex flask of 25 ml. capacity; the white cell layer is pipetted off and suspended in another conical flask of the same capacity and containing 7 ml. distilled water. For tissue analysis, 1 g. of fresh tissue is weighed out, then cut into small pieces, macerated with powdered glass and transferred with 7 ml. distilled water ijto a pyrex conical flask of 25 ml.
capacity.
To each 25-ml. flask, 0.5 ml. sodium hydroxide 2N is added; the flask is corked and warmed at 50' C. in a hot-water bath for 20 to 30 minutes with shaking from time to time; 6.5 g. anrmonium sulphate is then added, the flask recorked, shaken vigorously, and left for five minutes. It is then warmed quickly in a boiling-water bath to 75' C., vigorously shaken and the contents transferred rapidly to fluted filter paper (Whatman 1, 7 cm. diameter). The filtrate is received into a thoroughly cleaned conical centrifuge tube of 12 ml. capacity, containing 1 ml. distilled water and 1 ml. dye solutiop. The tube is corked and inverted three times to mix, then left for an hour, being shaken from time to time; finally it is centrifuged for 45 minutes at 3,000 r.p.m. while capped. It is then decanted, the residue being washed first with 5 ml. 0.O1N HCI and then with 2 ml. distilled water. Now the precipitate is resolved into its components by dissolving in 0.25 ml. formamide, helped by warming to 50' C. for a few minutes; it is then centrifuged and the supernatant liquid taken off with a micropipette and transferred to a clean tube. To it is added 0.25 ml. of saturated solution of sodium chloride and 2 ml. methyl alcohol, the mixture being centrifuged at 3,000 r.p.m. for 20 minutes.
The precipitate is re-extracted with 0.25 ml. saturated solution of sodium chloride; to the extract are added and the mixture centrifuged for 20 minutes. The tube is decanted for five minutes, the mouth wiped dry and the tube dried in vacuo. The precipitate is dissolved in 0.5 ml. distilled water and 0.1 ml. of the solution used for bio-assay to which 1 ml. plasma is added. Biological Estimation.-The biological estimation is based on an observation that within a certain range of concentration of heparin added to re-calcified sheep plasma, the logarithm of the clotting time is proportional to the amount of heparin added (Fig. 1) . FresS sheep blood collected from the slaughter-house, 400 ml., is received in a glass flask containing 100 ml. 3.8% sodium citrate and the plasma is separated and kept in 20-ml.-capacity bottles in a refrigerator. The amount of calcium chloride M /5 solution necessary for optimum recalcification of ml. plasma is determined.
The heparin clotting inhibition curve is obtained by preparing a series of conical tubes (thoroughly cleaned, 12 ml. capacity) each containing ml. of sheep plasma.
To one tube is added 0.1 ml. distilled water to serve as a blank; to the rest is added 0.1 ml. solution of standard heparin in distilled water containing amounts varying from 0.1, 0.2, 0.3, 0.4, 0.5, 0.6 interz national units. The tubes are corked and kept in a water bath at 25°C. for 10 minutes, then 0.2 ml. of M/S calcium chloride solution is added to each tube and clotting observed every half minute. The method depends on recording the clotting time at a certain fixed stage in all the tubes. This is taken to be such that when the tube is tilted to an angle of 450 the surface of the plasma does not tilt at all, keeping strictly at right angles to the tube. The logarithm of clotting time is obtained and plotted against the amount of heparin added.
Human plasma from stored blood whose date of use has expired (30 days) can be used for the same purpose. It is noteworthy that the older the samples, whether sheep or human, the more sensitive they are to the action of heparin, most probably due to the fact that prothrombin concentration declines with storage, especially with rise of temperature, leading to less thrombin on recalcification. Thus the antithrombin action of heparin becomes more apparent. Fresh human plasma was found insensitive to such low concentrations of heparin.
Estimation of Unknown Sample.-The heparin content of the unknown sample is read off on the heparin inhibition curve. When the unknown gives a higher clotting time than the standard tubes, 0.05 ml. of unknown solution is made up to 0.1 ml. with distilled water and assayed again. Confirmatory experiments to assess the efficacy of this method of assay were done by comparing part of an extract, whose biological activity had been determined, with a known standard of the same strength. Both gave exactly the same clotting time. For each experiment a standard curve should be done.
Colorimetric Estimation.-A standard curve is prepared by mixing 1 ml. of a diluted standard solution of heparin containing from 0.01 mg. up to 0.1 mg. with 1 ml. dye solution. This is then centrifuged for 30 minutes and the precipitate is washed successively with 5 ml. 0.01 N HCl and 2 ml. distilled water, then dissolved in 8 ml. of buffered solvent and is estimated electro-colorimetrically in a single cell spectrophotometer using a blue-green filter No. 623.
Estimation of Unknown Sample.-Of a dilution of the extract, 1 ml. is mixed with 1 ml. dye solution and the same procedure followed as for the standard curve.
Paper Electrophoresis of the Extract.-Electrophoresis of heparin and chondroitin sulphate on filter paper was carried out, using the apparatus and following the general procedure described by Consden and Stanier (1952) . Whatman No. 1 filter paper was used with phosphate buffer pH 7 as the electrolyte and chlorobenzene as the organic solvent. The unknown heparin extract, the standards of heparin, and the chondroitin sulphate were each dissolved in 0.02 ml. distilled water, and applied to the filter paper as a thin band on the same level 0.5 cm. from the end near the cathode. The voltage was 300 v and the potential gradient approximately 7.3 v/cm. applied for two hours, after which the paper was removed and dried at 1000 C. It was then sprayed with an alcoholic solution of Azure A 0.033% w/v in methyl alcohol. (Chondroitin sulphate was kindly supplied by Dr. E. J. Holborrow prepared from human cartilage by the method of Einbinder and Schubert, 1950.) Staining with an alcoholic solution of the dye gave bands with clear, well-defined margins, whereas staining with an aqueous dye solution gave bands with ragged and ill-defined margins (Consden, 1953) .
Recoveries
The recoveries and losses at various stages of the procedure were studied in detail by extracting a known amount of heparin from a blank reagent. The results (Tables I, II, Fig. 2) show that heating, filtration, and washing the heparin-dye complex cause a total loss of about 15% whether 0.5 ml. of 2N NaOH were added or not; with extraction of the same amount of heparin from the 4 ml. of stored plasma the loss rises to 20%, i.e., 5% more than in the blank reagent. About half of the remaining 80% (40% of the total) is lost during the was found in the kidneys and lungs, being about three times the content in other tissues. In the newly born the concentration is low and shows nearly similar values in all the organs analysed. The plasma from 4 ml. blood samples taken from healthy adults (10 men and four women, aged 20-66) gave negative results biologically. The extraction of the larger amounts of blood (500 ml.) also gave negative results for both plasma and red blood cells; the white blood cells, however, gave an extract with very low anticoagulant activity and high colorimetric value.
The ratio of anticoagulant activity in units to the colorimetric value in mg. (A/C ratio) was found to be 100 for standard heparin and 0-4 for chondroitin sulphate (Table III) . Mixtures of heparin and chondroitin sulphate in various proportions were estimated biologically and colorimetrically. The A/C ratio obtained for various mixtures was shown to be additive (Fig. 3) . This ratio is very useful in indicating whether the obtained extracts contain mainly heparin-like or chondroitin sulphate-like substances. The A/C ratio in extracts from the aorta, white blood cells, and cartilage ranges between 6 and 10, similar to that of chondroitin sulphate, while extracts from human adult kidney, lung, heart, liver, spleen, and brain gave a ratio between 60 and 90, suggesting that they contain mainly heparin-like substances. In tissues from human newly born infants the A/C ratio was from 25 to 30, which would either mean a higher percentage of chondroitin sulphate or a heparin with a low anticoagulant activity. On paper electrophoresis the band of human adult kidney, lung, heart, liver, spleen, and brain occupied an intermediate position between standard heparin and chondroitin sulphate (Fig. 4) . The "heparin " from tissues of the newly born infant occupied a position much nearer to the chondroitin sulphate band (Fig. 5) while the adult aorta and white blood cell extracts gave bands on the same level as chondroitin sulphate (Fig. 6) . The metachromasia of the stained bands on filter paper while wet showed also distinct differences; the band of standard heparin was red, that of human adult heparin was reddish violet, while that of the newly born heparin was violet, as well as that of chondroitin sulphate.
The metachromasia was ascribed by Lison (1936) Granick (1945) and Michaelis (1947) to be due to the degree of polymerization of the dye when combined with various acid mucopolysaccharides, being red in trimers y-form, violet in dimers /Bform, and blue in monomers a-form. These differences therefore suggest the possibility that the. heparin-like substances of the tissues in the newly born are less esterified or less polymerized than in the adult. A higher percentage of chondroitin sulphate, as suggested by the A/C ratio, cannot explain the mobility differences. The electrophoretic results suggest that extracts of cartilage, aorta, and white blood cells contain a substance, or substances, with properties similar to chondroitin sulphate. Summary A micro-method is described for the extraction of heparin and chondroitin sulphate from 1 g. of various human tissues and their estimation biologically and colorimetrically. The ratio of anticoagulant activity in units to the colorimetric value in mg. (A/C ratio) can indicate whether the extract is heparin or chondroitin sulphate or a mixture of both.
Extracts were also run on paper electrophoresis giving additional information from the rate of mobility and the colour of stained bands.
The results of estimations of extracts from adult and newly born tissues showed distinct differences between them in their heparin content, A/C ratio, and electrophoretic mobility.
My thanks are due to the Egyptian Government for a grant which enabled me to conduct this work.
I wish to express my thanks to Dr. E. G. L. Bywaters and Dr. L. E. Glynn for their interest and helpful criticism of the work. 
